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INTRODUCTION 
Ultrasound is today one of the commonest nondestructive methods in industry, in 
particular for the inspection of composites in the aerospace industry. Piezoelectric 
transducers are generally used to emit and receive the ultrasound, but have a number of 
disadvantages, both in use on a production line and for the inspection of complex parts. 
The placement of the transducer and the need to ensure coupling between the 
transducer and the part both introduce constraints. Semi-automatic systems or cumbersome 
robotized installations are used for production inspection of complex parts; setting up is not 
easy. The difficulties encountered in maintenance inspections are of the same order, 
aggravated by the fact of dealing with assembled structures. 
There is, therefore, a need for ultrasound inspection systems, that are easier to use, 
easier to incorporate in the production line and suitable for maintenance use. The new laser 
ultrasound technology can meet most of these needs, because the remote generation and 
detection of ultrasound by laser beams eliminate many of the constraints of conventional 
transducers. 
The opportunities opened up by this new technique have led Aerospatiale and 
Dassault Aviation to join forces to acquire the LUIS system [1] from the Quebec company 
Ultra Optec. A joint laboratory has been set up for the development work necessary for 
specification of an industrial installation. 
LASER GENERATION AND DETECTION OF ULTRASOUND 
In LUIS system (figure 1), laser ultrasound is generated in thermoelastic mode [2], to 
ensure that the process is nondestructive. The incident laser beam is absorbed by the material 
and converted into heat. The area so heated expands, generating normal and radial stresses 
and hence ultrasonic waves. 
In composites, this mode leads to the emission of longitudinal waves normal to the 
surface. This is explained by the rather large size of the source and, most important of all, the 
fact that the laser light penetrates somewhat under the surface. This penetration creates an 
embedded source and augments the piston effect of the less affected overlying zones so that 
longitudinal emission is increased along the normal. This is a highly favorable configuration, 
because it recreates a situation comparable to that of ultrasound generated by a piezoelectric 
transducer normal to the surface. 
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Figure 1 . Principle 
The detection system is one of the important factors : it detects ultrasonic echoes at the 
surface of the material by interferometry. The key element is a Fabry-Perot confocal 
interferometer [31. A monochromatic probe beam is sent to the surface, to the point where the 
laser generation impact takes place. The laser pulse is long enough for detection of the 
various reflected echoes in the course of a single pulse: the entry echo, flaw and interface 
echoes, exit echo. As it is reflected, this beam undergoes a Doppler frequency shift because 
of the movements of the surface. This frequency variation is converted into a variation of 
intensity after the reflected beam has interfered in the Fabry-Perot cavity, restoring the 
ultrasonic information. 
The system consists of two units. The generation unit includes the generating laser 
and the optics necessary for the focusing and superposition of the generating and detecting 
beams. Generation is by a C02 TEA, fairly well suited to thermoelastic generation in 
composite materials. The wavelength and the pulse duration turn out to constitute a good 
compromise and can in fact generate longitudinal ultrasonic waves in all materials tested. 
The detection unit includes the detection laser and the confocal Fabry-Perot 
interferometer. Detection is by a monomode Nd:YAG. The unit is connected by optical fibers 
to the generation unit, so that only the generation unit, which also performs the scan, needs 
to be moved. The scanning system consists of a mirror with two axes of rotation allowing 
inspection of components in exceeding 2 m2 in a single pass. 
This examination system so constituted operates at 100Hz, giving a scanning time 
comparable to that of a conventional system along with easier setting up. All of the ultrasonic 
signals, i.e. each of the A-scans, is digitized and stored. The subsequent processing can 
deliver results in the usual A-, B- and C- scan formats. 
GENERATION CHARACTERIZATION 
Two sets of experiments were conducted in order to describe the generation 
phenomenon more precisely. First of all we characterized the directivity of the ultrasonic 
waves generated in the composite materials. In order to complete these results, we also 
sought to identify the frequency domain concerned. 
Directivity diagram 
The necessary measurements to get the directivity diagram were made on a half-
cylinder composite probe (T300-914), with a quasi-isotropic lay-up and a radius of 50 nun. 
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Figure 2 . directivity diagram 
Faces had been cut on this probe every 5 degree to make the coupling reproduceable. 
The generation of the ultrasounds was made with the system C02 laser in the thermoelastic 
mode, with a source diameter set to 2 mm. A longitudinal 5 MHz transducer was used for the 
ultrasonic detection. 
The directivity diagram is presented in the figure 2. One notices a maximum of 
amplitude of the longitudinal wave at the epicenter. Some complementary experiments have 
been made with a shear transducer and gave the same result. This diagram is fully different 
from those obtained with isotropic materials in thermoelastic mode [2], and also from those 
obtained on composite with a different laser source [4]. It is likely that the source nature 
influences greatly the directivity of the generated waves [5]. The resin being half-transparent, 
it seems that the epoxy layer plays the role of a coercive blade, permitting the generation of a 
longitudinal wave with an important amplitude at the epicenter. 
The directivity of the longitudinal waves is very interesting for a pulse-echo testing 
configuration. The situation is relatively optimal for the control of the composite materials. 
Bandwidth of the generated ultrasounds 
We looked first for the frequency characteristics of the ultrasounds generated by the 
C02 laser. For this, we used some piezoelectric transducers supplied with relay whose 
frequencies were ranging from 2 to 15 MHz. The relays were made of aluminum, in order to 
reduce the ultrasonic attenuation. Moreover, the relay extremity was covered with a thin layer 
of paint to enable the laser generation of ultrasounds. In these conditions, the generation 
occurs in the paint layer and the situation is the same as in composite materials [5]. 
The results obtained with the laser generation on the different piezoelectric 
transducers are presented in figure 3. It is possible to formulate two remarks on these raw 
results. In the first place, the laser generation permits to excite a multiple mode of the 2 MHz 
piezo, around 8 MHz. On the other hand, it appears that the laser generation reaches its 
maximum by 9-10 MHz, that is shown by the results obtained with the 15 MHz transducer. 
However, this transducer having a weaker sensitivity (its diameter being smaller than for the 
other transducers) and a frequency domain noticeably similar to the 10 MHz transducer 
domain, these results will not be exploited hereafter. 
Starting from these results and from the transducer own answers, we determined the 
frequency range concerned by the laser generation. The curve obtained by spectrum analysis 
is presented in figure 4. One sees that, unlike a piezoelectric transducer, the laser is a 
broadband generator ranging from less than 1 MHz up to 15 MHz. 
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Figure 3 . piezo transducer responses to laser generation 
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Figure 4 . generation bandwidth 
This characteristic of the laser generation offers many advantages. It is first of all 
adapted to the control of the composite materials, that is the most interesting application for 
the LUIS system. On the other hand, the fact of disposing also of higher frequencies (10 to 
15 MHz) is interesting for the testing of other materials, metallic for instance. 
In conclusion, as far as the directivity or the frequency range of the ultrasonic waves 
are concerned, the laser generation appears well adapted to the testing of composite materials 
and allows to achieve the inspections in similar conditions to those met in conventional 
systems. 
RESULTS ON COMPOSITE MATERIALS 
The system can be used to examine large composite parts in a single pass with limited 
setting up [6]. Placement of the parts is extremely simple: they are set upright or flat on the 
ground, as their geometry dictates, with no need for special supports, with their outsides 
towards the LUIS 1.5 to 2 m or farther away. The preliminary adjustments can be made from 
the control console and take only about ten minutes. With a conventional ultrasound 
installation, setting up would take two or three times as long. On the other hand the scanning 
times are comparable with a pitch of approximately 2 mm, since the recurrence rate of the 
system is currently only 100 Hz. 
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Tests have been perfonned on parts having different structures: monolithic or 
sandwich, stiffeners, thickness variations, strong curvature, etc. The results obtained are 
altogether satisfactory and in good correlation with the maps produced by conventional 
ultrasound techniques. 
We describe below two major examples of the potential of the LUIS system. 
Inspection ofradome 
The flexibility of the LUIS system made it possible to examine an aircraft radome 
without any geometric problems. This part is a sandwich structure: honeycomb with 
composite skin 0.9 mm thick. The final structure is close to a demi-ellipsoid with a long 
diameter of 1.80 m and a height of 1 m. It is shown in figure 5. 
It was possible to map more than a third of the radome in a single pass. The zone so 
examined has a base exceeding 1.50 m and a height of 1 m. The analysis was perfonned by 
time of flight, by measuring the time of the arrival of the first reflected echo. The map in 
figure 6 makes it possible to visualize the outer skin, in panicular the zones of overlap 
allowing the curved surface to be constituted by an "orange peel". The aluminium lightening 
bonding is also very clear. 
This part also has an unbonded zone at its apex. This debonding was caused by hail 
tests and shows up perfectly on the ultrasound chan for the pan. These results as a whole are 
well correlated with those of shearography and an expen appraisal. 
This result illustrates clearly the suitability of laser ultrasound for the examination of 
curved pans, since the system tolerates rather large angles of incidence, well beyond 45" in 
this panicular case. The large size of the zone studied did not present a panicular problem in 
testing, either. 
Figure 5 . radome Figure 6 . time-of-flight analysis 
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Figure 7 . Rafale part 
Test of side of Rafale pilot's seat 
Figure 8 . amplitude analy i 
The result yielded by laser ultrasound on a part having a complex geometry is 
reported below. Figure 7 shows the part, which is the side of the Rafale pilot's seat. This is a 
carbon-epoxy composite (T300-914) having a variable thickness and a non-developable 
shape, with a large curvature across its width some vertical twist. The zone analyzed 
measures 1 m by 1 m, with a thickness between 1.5 mm and 5 mm. Note also the presence 
of T-shape stiffeners on the inside surface. 
The examination of the part by laser ultrasound is shown in the map in figure 8. The 
representation used is the values of the maximum amplitudes of echoes after the entry echo. 
There was no particular signal processing. The recording was made with a pitch of 2.5 mm x 
2.5mm. 
Delamination type defects 5, 10, 20, and 25 mm in diameter were simulated by fIlms 
of Teflon at different depths. They show up clearly with laser ultrasound. Natural porosity 
defects are clearly visible between the two stiffeners with a good contrast. 
CONCLUSION 
The tests perfonned have shown that this laser ultrasound technology allows reliable 
examination of the composite parts encountered in the aerospace industry. It offers the 
potential of eliminating the constraints of piezoelectric transducers, together with those 
arising from the geometry of the parts (dimensions, profile, etc.). 
The characteristics of the laser ultrasound system can solve most of the problems 
encountered in conventional ultrasonic examinations. It eliminates transducer placement 
constraints and is very tolerant as regards the system/part distance. This makes it possible to 
inspect parts having a complex geometry. The scanning system makes it possible to map 
large parts with no placement problems. In addition all coupling constraints are eliminated. 
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